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Purpose of this
Presentation

• Review biology of mosquitoes in Michigan
• Discuss features of mosquito-borne viral 

encephalitis transmission relevant to 
Michigan conditions

• Review generally the outbreak of West 
Nile virus in Michigan and in the U.S.



Adult female

Emergence Eggs

Pupa Larva



Expanded Mosquito Life Cycle

Fungal spores on leaf surface

Eggs
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Oviposition = egg laying

Toxin
(crystallized protein)

Pathogens:
Some microorganisms can kill 
mosquito larvae and are used in 
control measures.
(e.g., Bacillus thuringiensis
strains)

Host location and
blood feeding
mosquitoes also
feed on sugar,
usually nectar

Grazed leaf surface

Ungrazed leaf surface

Ciliate (protozoan) Bacteria (blue stain) in 
larval habitats

Bacteria on leaf surface 
grazed by mosquito larvae

Disease 
transmission:
Mosquitoes transmit viruses, 
protozoans, and roundworms to 
humans and animals.

Hatching cues

Bacteria on egg surface

Malaria parasite developing 
on mosquito midgut

Food resources:
Larvae eat bacteria, protozoans, 
fungi, and algae

Fungal spores on leaf surface Algae in larval habitats



Michigan MosquitoesMichigan Mosquitoes

• About 60 species in the state
• Only the females bite, and not all of our 

species need blood, or bite people
• The overwintering stage is species 

specific; eggs, larvae, or adult females 
may overwinter

• Mosquitoes are classified by their shape 
and anatomy
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Culex
Ochlerotatus

Two major groupings:

Culicinae

Anophelinae

Aedes

Anopheles
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• One generation per year; eggs 
overwinter

• >1 generations in summer; eggs 
overwinter

• Anopheles, Culex: females 
overwinter, >1 generation per 
summer

• Adapted to small bodies of water 
held in plants or made by 
people; overwinter as eggs or 
larvae

• Examples: waste water and 
underground mosquitoes
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Spring woodland pool

Summer floodwater in ditch

Cattail marsh Extensively flooded freshwater
marsh extending into swamp



Treehole

Tires

Pitcher

Larval habitat of Culiseta
beneath tree hummock

Urban street catchbasin



A Vector-borne Disease System
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Arbovirus Transmission Cycles are Complex
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Arbovirus

[Contraction]

Arthropod-borne virus

Mosquito and tick transmitted 
viruses that cause disease in 

humans and animals



Vector

An arthropod (such as a 
species of mosquito or tick 

that is capable of transmitting 
viruses that cause disease in 

humans and animals



Mosquito-borne Arboviruses
Arboviruses: Not a taxonomic term.  Refers to viruses
transmitted biologically by blood-feeding arthropods
“Arthropod-Borne viruses”

Major groupings of arboviruses:
Flaviviruses (Flaviviridae): yellow fever, dengue;

Japanese encephalitis complex (incl. WNV)
Alphaviruses (Togaviridae): EEE, WEE, VEE;

chikungunya, o’nyong nyong, Ross River
Bunyaviruses (Bunyaviridae): California 

serogroup (e.g., LaCrosse virus)
Phleboviruses (Bunyaviridae): Rift Valley fever



Principal Arboviral Diseases, United States

LaCrosse (LAC) encephalitis

St. Louis encephalitis (SLE)

Eastern equine encephalomyelitis (EEE)

Western equine encephalomyelitis (WEE)

West Nile encephalitis

Dengue



Common Arboviruses in the United States
California Serogroup

(Primarily LaCrosse) St. Louis

Eastern equine Western equine
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St Louis Encephalitis and WNV have distinct cycles 
amenable to urban and suburban transmission
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Urban Flavor of SLE and WNV 
Transmission Cycles
Urban Flavor of SLE and WNV 
Transmission Cycles
• Culex mosquito vectors: larvae associated with 

waste- and storm-water retention and channeling 
systems (street catchbasins and stormwater retention 
catchments are key)

• Culex mosquitoes quest for urban bird (crow, other) 
hosts in the urban green space tree canopy: setting 
for urban amplification

• Crows have become urbanized
• Culex spp. rarely but stealthly feed on humans (late 

at night; indoors and outdoors; at low densities of 
exposure)

• Urban virus overwintering in hibernating female Culex 
in refugia (under streets etc)
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Cryptic habitats of larval and adult Culex in urban environments

CatchbasinManholes leading to
utility workspaces

Urban trees provide roost for crows



WNV horse cases -329

WNV human cases -644



Metro Grand Rapids
WNV human and bird
cases

Golf courses and parks

Sites of dead bird reports



Dead Corvid Density vs. Human Cases for Kent County in 2002
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Estimated Sensitivity of West Nile Virus Estimated Sensitivity of West Nile Virus 
Surveillance MethodsSurveillance Methods
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West Nile virus, PCR positive mosquitoes, Michigan, 2002

Species No. tested No. pools No. positivesestim. MFIR*
Culex spp 5768 431 27 4.7
Cx. pipiens 1182 121 23 19.5
Cx. restuans 58 25 3 51.7
Cx. salinarius 318 30 2 6.3
Cx. territans 2 2 0 0.0
Cq. perturbans 2000 201 1 0.5
Culiseta spp. 188 28 0 0.0
Ochl. triseriatus 76 30 0 0.0
Ochl. trivittatus 569 31 1 1.8
Or.signifera 7 6 0 0.0
Ochl. canadensis 32 7 0 0.0
Ae. vexans 2003 188 1 0.5
An. punctipennis 270 83 0 0.0
An. quadrimaculatus 337 74 0 0.0
Ur. sapphirina 14 8 0 0.0
TOTAL 12824 1265 58 4.3
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